SUPPLEMENTARY INFORMATION
doi: 10.1038/ngeo989 2 In this supplementary material, we will first provide the details of the SPICAV solar occultation measurements of sulphur dioxide at the terminator in section 1. In section 2
we will show how we obtain the H 2 SO 4 saturation vapor pressure (SVP) for this study, and discuss the uncertainties of our calculation and the other possible factors that might influence the H 2 SO 4 SVP in the Venus mesosphere. The Caltech/JPL kinetics photochemical model is described in section 3. The model parameters and the chemical reaction rates of other sulphur oxides (SO and SO 3 ) are also presented.
SPICAV measurements
Solar occultation is known to be one of the most reliable and accurate techniques to probe planetary atmospheres. It requires no instrument calibration and is only based on the simplest laws of radiative transfer. Spectroscopy for Investigation of Characteristics of the Atmosphere of Venus (SPICAV) onboard Venus Express (see previous publications 1-2 for more description) has provided a wealth of high-quality data through this technique during several orbits since 2006. The solar occultation performed by SPICAV probes the state of the atmosphere at the terminator, which is known to possess a very peculiar dynamical regime with downwelling and upwelling motions streamlining close together, potentially creating strong spatial contrasts at small scales that are unattainable by the sub-mm JCMT beam from the ground-based measurement. This could be one of the possible reasons that cause the incompatible SO 2 abundances from the two observation techniques 3 . However, both of the ground-based sub-mm spectroscopy 3 Venus is a slowly rotating planet with very high temperature contrast between its day side and night side. The unexpected warm layer on the night side at about 90 km was detected by SPICAV and is believed to be the result of adiabatic heating by downwelling motion on the night side 11 . The aerosol particles would evaporate when transported by winds to the night side. In this study, we adopt the temperature profile measured in orbit 104 at latitude 4° S and local time 23:20 h (black curve in the Fig. 1 of Bertaux et al. 11 ). This temperature profile has a peak value about 234K around 97km which is larger than the other measurements [22] [23] [24] [25] by 40-50 K. Fig. S2a shows the daytime and nighttime temperature profiles. We applied a scaling factor to the saturation ratio on the night time H 2 SO 4 SVP profile above 90 km for the sensitivity study. The observed SO 2 mixing ratio at ~69 km by Solar
Occultation in the Infrared (SOIR) instrument onboard Venus Express is larger than 0.1 ppm and agrees with the natural variability of SO 2 with time above the cloud top, which is a well-known problem 26 . It may indicate either there is more SO 2 within the clouds or the eddy mixing processes above the cloud top transport the SO 2 more efficiently. In this study, SO 2 mixing ratio at the lower boundary is set at 100 ppm to reproduce the data.
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6 However, this adjustment has no effect on the SO 2 abundances above 90 km. The eddy mixing coefficient profile from Mills 21 is shown in Fig. S2c . Figures S3 and S4 show the main production/loss rate profiles of SO and SO 3 as function of altitude, respectively. The upper panels (a and b) and lower panels (c and d) in each figure refer to models B and C, respectively. Each curve corresponds to a reaction in Table S1 . 
